Abstract In Jakarta, climate change has been detected through rising air temperatures, increased intensity of rainfall in the wet season, and sea level rise. The coupling of such changes with local anthropogenic driven modifications in the environmental setting could contribute to an increased probability of flooding, due to increase in both extreme river discharge and sedimentation (as a result of erosion in the watersheds above Jakarta and as indicated by sediment yield in the downstream area). In order to respond to the observed and projected changes in river discharge and sediment yield, and their secondary impacts, adaptation strategies are required. A possible adaptation strategy is through policy making in the field of spatial planning. and Citarum. During the twentieth century, computed average discharge in the downstream area (near Jakarta) increased between 2.5 and 35 m 3 /s/month, and sediment yield increased between 1 9 10 3 and 42 9 10 3 tons/year. These changes were caused by changes in both land cover and climate, with the former playing a stronger role. Based on a computation under a theoretical full implementation of the spatial plan proposed by Perpres 54/2008, river discharge would decrease by up to 5 % in the Ciliwung watershed and 26 % in the Cisadane watershed. The implementation of Perpres 54/2008 could also decrease the sediment yield, by up to 61 and 22 % in the Ciliwung and Cisadane watersheds, respectively. These findings show that the implementation of the spatial plan of Perpres 54/2008 could significantly improve watershed response to runoff and erosion. This study may serve as a tool for assessing the reduction in climate change impacts and evaluating the role of spatial planning for adaptation strategies.
Introduction
Jakarta, the capital city of Indonesia, is extremely susceptible to flooding (Ward et al. 2013) and has a long history of floods due to its naturally flood-prone location (Caljouw et al. 2005; Steinberg 2007 ). However, flood disaster impacts appear to have become more severe over the last few decades. For example, the city suffered major floods in both 2002 and 2007, the latter causing at least 58 deaths (Texier 2008) and direct economic damages of US$453 million (Steinberg 2007) .
Several factors, both physical and socioeconomic, may be contributing to the apparent increase in flood impacts. Jakarta is naturally flood prone, being located in a delta of 13 rivers, and experiencing extreme seasonal rainfall intensity (San et al. 2012 ). On top of this, Jakarta is currently facing rapid land subsidence, especially in the northern (coastal) part of the city, with large parts of the city experiencing land subsidence of 4 cm/year (Abidin et al. 2010) . At the same time, climate change has been signalled by an increase in air temperatures of 1.2°C in the twentieth century, sea level rise at a rate of 2 mm/year, and a higher intensity of rainfall in the wet season (Poerbandono et al. 2009; Kartikasari 2009; Julian et al. 2011) . But socioeconomic changes are also driving increased flood impacts (Ward et al. 2011a ). The city is growing rapidly: over the last half century, its population rose from 2.7 million (1960) to 9 million (2007) (BPS Jakarta 2007) . This has also resulted in rapid land cover change, consecutively from forest to agricultural lands, to urban residential and industrial areas (Amien et al. 1996 , Verburg et al. 1999 Firman 2009 ). Open green space within the city has decreased from 28.8 % in 1984 to 6.2 % in 2007 (Firman 2009 ). These land cover conversions lead to waterproofing of the soil, which in turn leads to a decrease in the infiltration rate (Scalenghe and Marsan 2009) . At the same time, these land cover changes lead to increased erosion rates in the upper and middle watersheds. This causes sedimentation in the river networks in downstream areas (e.g. Jakarta) and reduces the drainage capacity of the city's waterways.
In order to respond to these problems, adaptation measures are needed. In 2008, a presidential regulation number 54 year 2008 (Peraturan Presiden Nomor 54 Tahun 2008-Perpres 54/2008) was issued, which describes land cover planning in the Jabodetabek region (a region containing the cities of Jakarta, Bogor, Depok, Tangerang, and Bekasi, and covering approximately 6,400 km 2 ). Perpres 54/2008 is a reference for the implementation of development related to water and soil conservation; the availability of ground water and surface water; flood prevention; and economic development for the welfare of the community. Perpres 54/2008 is intended to compensate for anthropogenic pressures caused by changes in land cover. Ideally, the implementation of Perpres 54/2008 would lead to increased soil water infiltration capacity, the reduced erodibility of soils, and reduced river flood peaks. This presidential regulation is seen as a possible adaptation strategy through policy making in the field of spatial planning.
In this paper, we aim to improve the understanding of how changes in climate and land cover affect river discharge and sediment yield in the watersheds draining through Jakarta, and to develop a method for estimating the effectiveness of a policy measure regarding land cover regulation for adaptive watershed management. To achieve this, we develop spatial tools and apply these to address the following research questions:
1. What are the historical trends in the river discharge and sediment yield of West Java? 2. What is the relative influence of changes in climate and land cover on river discharge and sediment yield? 3. How can we apply the tools to assess the effects of Perpres 54/2008 on river discharge and sediment yield?
2 Materials and method
Study area
The study area is situated in the northwestern part of Java, Indonesia, and focuses on major watersheds flowing into the Jakarta Bay (Fig. 1) . The extent of the land cover plan covered by Perpres 54/2008 is also shown in Fig. 1 (see bold line). It covers an area including Jakarta, Bogor, Depok, Tangerang, Bekasi (Jabodetabek), and Cianjur (including Puncak). We computed river discharge and sediment yield for the Ciujung, Cisadane, Ciliwung, and Citarum watersheds. The Jakarta area, including Depok, is situated in the downstream part of the Cisadane and Ciliwung watersheds, whilst the upstream parts are under the administrative authorities of Bogor and Cianjur. The Ciujung watershed is situated partly in Tangerang, and part of Bekasi is located in the Citarum watershed. The characteristics of the watersheds are given in Table 1 . Citarum is the largest watershed studied here, with a size of 8,058 km 2 ; the dominant land cover in this watershed as a whole is agriculture. The Cisadane and Ciujung watersheds have similar percentage covers of agricultural area, namely just over half of the total land area. The Ciujing watershed has the largest proportion of forest cover, whilst the Ciliwung watershed has the largest proportion of built-up area.
Models and data
The method used in this study involves the spatial modelling of the water balance and sediment yield. The spatial water balance model, Spatial Tools for River Basins and Environmental and Analysis of Management Option (STREAM), is used for river discharge computation (Aerts et al. 1999) , and SDAS (Spatial Decision Assistance of Watershed Sedimentation) is used for simulating erosion and the total sediment exported by a watershed system, i.e. sediment yield (Poerbandono et al. 2014) . Several data sources are required to simulate hydrological processes with STREAM and SDAS. Here, we consider a digital elevation model (DEM), precipitation and temperature data, and land cover data. We used the 30 m 9 30 m spatial resolution ASTER global DEM (GDEM) to derive the river network model and for watershed delineation.
We retrieved monthly precipitation and temperature time series from January 1901 to December 2005, at a 30 0 9 30 0 spatial resolution from the Climate Research Unit (CRU), University of East Anglia, United Kingdom (New et al. 2002) ; this dataset is known as CRU TS 3.0. We then downscaled the CRU TS 3.0 dataset to a 10 0 9 10 0 spatial resolution (Bouwer et al. 2004) . Firstly, the low-resolution (30 0 9 30 0 ) climate time series datasets were simply resampled onto a higher resolution (10 0 9 10 0 ) grid. Secondly, these resampled time series (10 0 9 10 0 ) were statistically downscaled by using change factors (for temperature additive and for precipitation multiplicative) to correct for the difference in mean monthly precipitation and temperature between CRU TS 3.0 and the higher resolution monthly climatological dataset CRU TS 2.0 (Mitchell et al. 2004 ). The latter dataset provides mean observed precipitation and temperature per month, for the period , at a horizontal resolution of 10 0 9 10 0 . Verification of these downscaled precipitation data was carried out by comparing them with local observations, in terms of monthly average values (Poerbandono et al. 2009 ). Records of monthly rainfall depths from 1989 to 2002 are available from four observation stations: Tanjung Priok in the coastal side of Cisadane; Halim and Depok stations in the middle section of Ciliwung; and Katulampa in the upper part of Cisadane. We examined the bias in magnitudes of precipitation data with respect to observations. There is large bias at Tanjung Priok (84 %), yet we found very small bias (1 %) at Halim, which is located very close by, 6 % at Depok, and -20 % at Katulampa. On average, for the observed precipitation data used in this study, we found the gridded precipitation datasets used here to be 18 % higher than the observed precipitation data.
Land cover maps for various years and classifications, and from various sources (Table 2) , were used for the computation period. Here, land cover maps from 1891, 1950, 1963, 1980, 1987 , and each year from 2001 to 2005 were used to generate land cover maps for the model input. The land covers are categorised into forest, agricultural, and built-up area. We simulated both river discharge and sediment yield for the period 1901-2005. For the computation of river discharge, we used a monthly time step and sediment yield is computed on an annual basis. All data were resampled to a horizontal resolution of 100 m 9 100 m for discharge computation using STREAM and to a horizontal resolution of 30 m 9 30 m for erosion rate and sediment delivery ratio (SDR) computation using SDAS. It should be noted that the use of land cover data from heterogeneous sources may result in biases in the steadiness of its natural succession. This might lead to discontinuity of the degradation sequence, particularly if individual grid cells are examined. However, generic succession and the trend of change in land cover can still be detected.
Computation of river discharge: STREAM
The core of the STREAM instrument is a geographic information system (GIS)-based rainfall-runoff model that allows for the computation of water availability and runoff per grid cell (Aerts et al. 1999 (Aerts et al. , 2006 Ward et al. 2007 Ward et al. , 2008 Ward et al. , 2011b . STREAM describes the hydrological cycle of a drainage basin as a series of storage compartments and flows. It calculates the water balance per grid cell using the Thornthwaite equation for potential evapotranspiration (Thornthwaite 1948 ) and the Thornthwaite and Mather equations for actual evapotranspiration (Thornthwaite and Mather 1957) . Following this, storage of water in a grid cell is estimated according to the difference between evapotranspiration and precipitation. Runoff per time step is calculated according to the excess of water in each grid cell and baseflow from groundwater storage. The runoff is routed through the catchment to a river outlet based on a DEM. The main inputs to the model are climate data (maps of precipitation and temperature), a DEM, and land cover maps. We used land cover data as a proxy for the soil water holding capacity (WATERH). A look-up table from Aerts et al. (1999) was used for the conversion of types of land cover into WATERH and crop factor (CROPF), which control respectively the capability of soil to retain water, and evapotranspiration. This approach is suggested in Aerts et al. (2005) . Whilst it would be preferable to use actual measured data on soil WATERH, STREAM is known to be relatively insensitive to changes in this parameter. A sensitivity test was carried out to examine the effect of WATERH on the simulated discharge. It is found that altering the WATERH factor by 50 % (increase or decrease) led to just a 10 % increase or decrease in simulated discharge. The calibration of STREAM for West Java is documented in Poerbandono et al. (2009) . In the calibration, we used observed rainfall in the Cisadane and Cilwung watersheds, and observed river discharge from the upper Citarum, Cisadane, and Ciliwung watersheds. Four rainfall observation stations were used, with data for the period 1981 to 2002. For discharge, six gauging stations were used, with lengths of record varying from nine to 18 years. The calibration of STREAM considers optimum multipliers of CROPF, slope, WATERH, heat, and the ratio of direct and delayed runoff. The accuracy of STREAM was evaluated according to the agreement of computed and observed river discharge at the gauging stations: the difference in mean annual discharge between the computed and observed data ranged between -8 and 5 %. In Fig. 2 , hydrographs of computed and observed discharges on a monthly basis are shown.
Computation of sediment yield: SDAS
SDAS calculates sediment yield as a product of the erosion rate in each grid cell and the SDR for each spatial unit (Poerbandono et al. 2014) . A spatial unit is the smallest element of a watershed considered in the computation, which could be equal to a sub-watershed or consist of at least one reach catchment. In our study, the smallest size assigned to the generation of a spatial unit is five pixels, which corresponds to an area of approximately 450 m 2 . SDAS calculates the erosion rate, which is controlled by topography (i.e. slope, flow length), soil type, rainfall, and type of land cover. In SDAS, the rate of erosion is determined according to the Universal Soil Loss Equation (USLE) (Wischmeier and Smith 1978) . Examples of input maps of soil, precipitation, and land cover are shown, respectively, in Figs. 3, 4, and 5.
SDR is inversely proportional to sediment resident time in the river network and hillslope (Sivapalan et al. 2002; Lu et al. 2003) and calculated in SDAS according to rainfall, slope, sediment size, soil type, and land cover. In SDAS, land cover is used to generate the so-called C-factor map, where various types of land covers are indexed according to their erodibility. SDAS exports calculation results as gridded erosion rates and sediment yields. This allows for the spatial identification of specific locations (i.e. spatial units) in the watershed contributing to the total yield at the outlet. SDAS was set up and calibrated against observed data at the outlet of the upper Citarum catchment, i.e. the Nanjung measuring station (Poerbandono et al. 2014 ). Field observations of total annual sediment yields are available for 1976 for , 1981 for , 1993 ): the mean difference in annual sediment yield between computed and observed data is 7 %. 5. Natural forest cover of Java Whitten et al. (1996 Whitten et al. ( ) 1987 6. MODIS land cover type product Wei et al. (2009 Wei et al. ( ) 2001 Wei et al. ( -2005 The calibration of SDAS was carried out against observed sediment yields. This involved the adjustment of several parameters comprising of adjustment factors for input data, i.e. precipitation, land cover, and several constants comprising of flow depths on hillslope and network channel, sediment settling velocity, as well as mean and effective rainfall duration. From the calibration, it is known that all factors and constants are considered to be unchanged overtime except for the flow depths on hillslope, which should be altered with changes of land cover. In Fig. 6 , we show a comparison between computed and observed sediment yield. 3 Results and discussion
River discharge
Mean monthly river discharge for the outlets of the four watersheds studied is shown in Fig. 7 . As the figure shows, the Citarum watershed contributes the most water to the Jakarta Bay. Linear trends of mean annual discharge for the four watersheds, and the statistical significance of trends assessed using the Mann-Kendall test (Helsel and Hirsch, 1992) , are shown in Table 3 . The trends are shown for the last 105-, 55-, 30-, and 15-year periods. Positive trends of computed river discharge are seen in all watersheds and periods, with the trends generally becoming stronger for the more recent period (i.e. the last 15 years) compared to the last 105 years. For the entire period 1901-2005, the trends are not statistically significant for any of the watersheds. However, for the more recent periods, several statistically significant trends were found. Figure 8 shows the annual hydrographs for different periods of *20-year monthly river discharge, for each watershed. For all watersheds, the highest river discharges can be seen for the period 1981-2005; the increase in this period compared to the previous period (1961-1980 period) ranges between 3 and 18 %, depending on the watershed. Generally, the river discharges in the most recent period are particularly high (compared to the previous periods) during the first half of the calendar year, which is also the period in which several of the recent major floods in Jakarta City have taken place. In Fig. 9 , we show the change in computed annual river discharge for each *20-year period, relative to the period 1901-1920. Relative influences of climate and land use change on these simulated changes in discharge are discussed in Sect. 3.3.
We investigated cycles in the time series of computed monthly mean river discharge using the fast Fourier transform (FFT) technique (Duhamel and Vetterli 1990) to transform time series data into period series data. This transform allows the identification of cycles in the time series data. The period series of computed river discharge are shown in Fig. 10 . Cyclic periodicity of river discharge can be seen at 1-, 4-, 6-, 10-, and 18-year periods. The 1-year period is related to the annual cycle. The medium period cycles may be related to the El-Niño Southern Oscillation (ENSO), which has been shown to be strongly linked with precipitation in several parts of Indonesia (Aldrian and Susanto 2003; Aldrian et al. 2007; Hendon 2003; Qian et al. 2010) , and through teleconnections over large parts of the globe (Ward et al. 2010 (Ward et al. , 2014 .
Sediment yield
Sediment yield was computed with an annual time step from 1901 to 2005; annual values of sediment yield are shown in Fig. 11 . From Fig. 11 , one can observe that the largest contribution of sediment to the sea around Jakarta (of the case study watersheds studied) is from the Citarum watershed. In Table 4 , slopes of linear trends (and significance levels of , the increasing trend is significant for all basins; this is also the case for the most recent period (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) . In the Cisadane watershed, negative trends are found over the periods 1950-2005 and Fig. 12b ). The aggregated statistics of the sediment yield maps are summarised in Table 5 . Increased sediment yields during the latest 10 years contribute a major part of the overall increase during the entire 105-year period (see Table 5 ). For the Ciliwung and Cisadane watersheds, most of the increase in sediment yield has occurred during the latest 10-year period (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) . Sediment yield has increased in all watersheds, with extremely large increases computed in the Citarum and Ciujung watersheds. Over the period 1901 to 2005, a large proportion of the increased sediment yield is derived from erosion in the upper areas of the catchment, where the slope is steepest. Based on the erosion classification of Maione et al. (2000) , we refer to sediment yield (y) up to 3,000 tons/km 2 /year as ''low to medium'', and sediment yield exceeding 3,000 tons/km 2 /year as ''medium to high''. Table 6 shows the percentage of land in each basin for which the erosion is classed as low to medium or medium to high, for the years 1901 and 2005. In 2005, the Citarum watershed has the highest percentage of land area with medium-to-high erosion (8.4 % of total area, see Table 6 ). For all watersheds, the results show a major increase in the area affected by medium-to-high erosion between the period 1901 and 2005; the largest increases in relative terms are in the Citarum and Ciujung watersheds. 1921-1940 1941-1960 1961-1980 1981-2005 Period Fig Fig. 13 . Here, we see the largest increases in sediment yield predominantly in the upper parts of the Citarum watershed. Decreases in sediment yield can also be seen in some areas, particularly the middle areas of the Ciliwung and Cisadane watersheds.
We also assessed cycles in the results of the sediment yield computations, using the same FFT analyses as for the river discharge results. Periodicities of sediment yield are shown in Fig. 14 , with similar periodicities as for the river discharge results, although the strength of those cycles is much lower than for the river discharge results (especially for the more frequent periods), suggesting that sediment yield may be less sensitive to interannual variations in climatic factors (i.e. rainfall) than the river discharge results.
The significant increases in computed sediment yields could be caused by several factors. The significant change in land cover input in the latest two decades is seen as the primary reason; the increase in sediment yield correlated well with the increase in the Cfactor (i.e. watershed erodibility) in the same period. Precipitation is one of the inputs to the erosion, SDR, and sediment yield model. In this study, we found that any positive trends in mean annual precipitation throughout the period 1901-2005 were not statistically significant, which also suggests that changes in land cover had a dominant effect on the increase in sediment yield. As mentioned in the section on river discharge, ENSO events are known to have significant impacts on the climate of the region. In the FTT analysis, we see similar periodic cycles in both the river discharge and sediment yield data; these may be related to ENSO, although further research is needed to examine this. The strength of the periodic cycles is greater for river discharge than for sediment yield. In STREAM, changes in input data for precipitation, temperature, and land cover lead to changes in river discharge. In order to examine the individual effects of each of these three variables, we carried out further computations using STREAM, whereby two variables were held constant at their values for the period 1901-1920, whilst the third variable was allowed to change over the period . Based on these computations, Fig. 10 shows the individual contribution of changes in each parameter on river discharge, relative to the period 1901-1920. From Fig. 15 , it can be seen that the changes in precipitation, temperature, and land cover all have impacts on the river discharge. For all watersheds, the largest changes in the latest period (relative to the period 1901-1920) are due to changes in land cover. For all watersheds, changes in river discharge are also strongly influenced by an increase in precipitation during the most recent period. According to the computation results, over the course of the twentieth century (period of 1981-2005 relative to the period of [1901] [1902] [1903] [1904] [1905] [1906] [1907] [1908] [1909] [1910] [1911] [1912] [1913] [1914] [1915] [1916] [1917] [1918] [1919] [1920] , changes in precipitation have caused an increase in river discharge by up to 9 %. The computed increases in temperature, on the other hand, have contributed to decreased river discharge by up to 7 % (through increased evapotranspiration). The highest impact of twentieth century changes in precipitation, and temperature on river discharge can be seen in the Ciujung watershed. The impacts of twentieth century land cover change on simulated discharge have been stronger than the impacts of climatic change over that period. Over the course of the twentieth century, the computed discharges increased by between 10 and 17 % (depending on the basin) as a result of land cover change alone. The highest contributions of land cover change to increase discharge occurred in the Ciliwung (12 %) and Citarum (17 %) watersheds. Using SDAS, we applied an analogous approach to that used for river discharge to examine the individual effects of precipitation and land cover change on sediment yield over the course of the twentieth century (compared to the period [1901] [1902] [1903] [1904] [1905] [1906] [1907] [1908] [1909] [1910] [1911] [1912] [1913] [1914] [1915] [1916] [1917] [1918] [1919] [1920] ; the results are shown in Fig. 16 . Whilst changes in both precipitation and land cover have caused increased sediment yield over the study period, the impact of land cover change has been greater; especially in the latest 25 years, the increase in sediment yield due to land cover change is particularly large, with increases compared to the period 1901-1920 of 55 % and 59 % in the Ciliwung and Citarum watersheds, respectively. In our computations, a full implementation of Perpres 54/2008 leads to an overall average increase in WATERH by 2.02 %, and CROPF by 0.03 %, with respect to the actual condition. Figure 19 shows the hydrographs of computed river discharge for selected locations in the Ciliwung and Cisadane watersheds, under the two land cover scenarios. A full theoretical implementation of the Perpres 54/2008 scenario leads to a decrease in river discharge, with the largest decreases in the downstream area; the data are summarised in Table 7 The decreases in river discharge are related to the increase in the WATERH of the soil (WATERH) and the increase in the so-called CROPF due to land cover change. The changes in these factors are seen primarily in the buffer area of Jakarta, where the Cisadane watershed is located. Hence, Perpres 54/2008 causes a greater decrease in river discharge in the Cisadane watershed than in the Ciliwung. We used a similar approach to investigate the effectiveness of the theoretical implementation of the land cover plan in Perpres 54/2008 in reducing sediment yield. The so-called C-factor map in SDAS accounts for the erodibility of soil, which is based on known land cover. In Fig. 20, we 1901-1920 1921-1940 1941-1960 1961-1980 1981-2006 Period %   +9   +36   Precipitation  Land cover   20   60   100   140   180 1901-1920 1921-1940 1941-1960 1961-1980 1981-2006 Period 1901-1920 1921-1940 1941-1960 1961-1980 1981-2006 Period 1901-1920 1921-1940 1941-1960 1961-1980 1981-2006 Period Figure 21 shows the computed sediment yield under the actual and Perpres 54/2008 scenarios for the Ciliwung and Cisadane watersheds. From Fig. 21 , it can be seen that the theoretical implementation of Perpres 54/2008 could lead to large decreases in sediment yield: 61 % for the Ciliwung and 22 % for the Cisadane (Table 8 ). The effects of a full implementation of Perpres 54/2008 on sediment yield are much greater than the effects on river discharge. We computed the effects of a theoretical full implementation of the spatial plan described in Perpres 54/2008 on both river discharge and sediment yield in the Cisadane and Ciliwung watersheds. The computed decreases in river discharge are 5.6 and 2.2 % for the Cisadane and Ciliwung watersheds, respectively. The computed decreases in sediment yield are 22 and 61 % for the Cisadane and Ciliwung watersheds, respectively. Hence, the results suggest that a full implementation of Perpres 54/2008 could be beneficial to water and flood management in Jakarta, by both reducing the quantity of water entering the city, but more importantly by reducing the amount of sediment delivery to the city's waterways. It should be noted, however, that we did not specifically assess the impact of Perpres 54/2008 on extreme discharges, i.e. peak daily river discharges. In order to assess the significance of these decreases in river discharge and sediment yield, we compared the computed results for the Perpres 54/2008 and actual scenarios with theoretical best-and worst-case scenarios. For the river discharge simulation, the watersheds are assumed to have land covers of 100 % forest and 100 % built-up area, whereas for the sediment yield simulation, the watersheds are assumed to have 100 % forest and 100 % arable land. The results for river discharge are shown in Fig. 22 and Table 9 , and those for sediment yield are shown in Fig. 23 and Table 10 . Again, the results show that the scenarios have a greater potential for influencing sediment yield than influencing monthly discharge. Compared to the theoretical scenario of 100 % built-up area, discharge for the actual scenario is only 3.3 and 2.5 % lower in the Ciliwung and Cisadane watersheds, respectively. In comparison, the sediment yield under the actual scenario is roughly 60 % lower than under the ''worst-case'' scenario (i.e. fully arable land). In Figs. 24 and 25, we show how the river discharge and sediment yield under the actual and Perpres 54/2008 scenarios compare with theoretical best-and worst-case scenarios. For river discharge, the best-case scenario is defined as a fully forested watershed, and the worst-case scenario is defined as a fully built-up watershed. For sediment yield, the bestcase scenario is defined as a fully forested watershed, and the worst-case scenario is defined as a arable land watershed. The figures show river discharge and sediment yield under the best-case scenario as 100 %, and under the worst-case scenario as 0 %. For Perpres 54/2008 and the actual scenario, the position relative to these extreme theoretical cases is shown. Figures 24 and 25 show the relative improvement in river discharge and sediment yield characteristics under the Perpres 54/2008 scenario as compared to the actual scenario. 
Conclusions
In this study, we applied the STREAM and SDAS models to assess the combined and individual impacts of changes in climate and land cover on river discharge and sediment yield for four watersheds in West Java, over the period . We also assessed how the river discharge and sediment yield could be affected by the theoretical full implementation of the spatial plan as described in Perpres 54/2008. Over the course of the entire period 1901-2005, we found significant positive trends in sediment yield for all watersheds. The trends for river discharge were not statistically significant over this period. However, for the most recent period, we found significant positive trends in all watersheds for both sediment yield and discharge. The trends are stronger for sediment yield than for river discharge, suggesting that twentieth century changes in land cover and climate have had a larger impact on the former. This is corroborated by our investigation of the relative impacts of climate and land cover change: this shows that most of the computed increase in both sediment yield and discharge over the twentieth century was due to changes in land cover. Although we found that increased precipitation over the twentieth century would alone have led to increased discharge, this was largely compensated by increased temperature (and therefore increased evapotranspiration and reduced discharge). Spatial analyses of the sediment yield computations show that the area of land affected by medium-to-high erosion increased in all watersheds over the course of the study period, with the largest percentage areas of medium-to-high erosion in the Citarum watershed, especially in the upper watershed.
For both sediment yield and river discharge, we also identified cycles at periods of 1-, 4-, 6-, 10-, and 18-year periods; the cycles of medium periodicities may be related to ENSO, although further research would be required to confirm this. These cyclic periodicities are stronger for river discharge, especially for the higher frequency periodicities. This suggests that river discharge is more sensitive to inter-annual climate variability than is the case for sediment yield.
We also computed the effects of a theoretical full implementation of the land cover plan described in Perpres 54/2008 on river discharge and sediment yield. According to the model results, a full implementation of this policy would lead to a modest decrease in mean annual river discharge of 5.6 % in the Cisadane and 2.2 % in the Ciliwung watersheds. However, the results for sediment yield show reductions of 22 and 61 % for the Cisadane and Ciliwung, respectively. These findings are of potential significance for water and flood management in the city of Jakarta (and surroundings). Although relatively small, the implementation of Perpres 54/2008 could have a significant impact on discharge. It should, however, be noted that in this study, we examined monthly discharge: for flood assessment, the study should be extended to assess the effects of Perpres 54/2008 on (sub-)daily discharge. The results do suggest a large benefit for water and flood management due to reduced sediment yield. Sedimentation of the city's waterways (including the clogging of flood drainage networks) has greatly exacerbated the flood problem in recent years. Good spatial planning practices have the potential to reduce the amount of sediment delivered to the city, thus reducing to some extent the need for (and cost of) expensive dredging activities.
